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METHOD AND APPARATUS FOR USING
SYNTHESIZED ANALOG DATA FOR TESTING
READ CIRCUITRY IN A MAGNETIC TAPE DATA

STORAGE SUBSYSTEM |

FIELD OF THE INVENTION

This invention relates to magnetic tape data storage
subsystems and, in particular, to a method and appara-
tus for producing a synthesized set of analog data which
is applied to the magneto resistive element in the data

3

10

read circuit to test this circuit in a magnetic tape data -

storage subsystem.

PROBLEM

It is a problem in the field of magnetic tape data stor-
age subsystems to efficiently test both the magneto
resistive element that is used to sense the magnetization
on the associated magnetic tape as well as the associated
read electronics which convert the analog waveform
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produced by the magneto resistive element into a digital

data signal indicative of the data stored on the associ-
ated magnetic tape. Existing read circuit test arrange-
ments make use of data written on a magnetic tape to
test both the magneto resistive element and read path
electronics in the read circuit of the magnetic tape data
storage subsystem. A difficulty with this arrangement is
that the test data written onto the magnetic tape may
vary in its characteristics thereby skewing the results of
the test that is performed on the read circuit. Further-
more, an operator must manually load the magnetic
tape into the associated magnetic tape data storage sub-
system in order to initiate the test of the read circuit.
An alternative to the magnetic tape test arrangement
is the limited automated testing provided by circuits
known in the prior art which inject digital data into the
phase lock loop circuit contained in the read path elec-
tronics. A difficulty with this arrangement is that only a
portion of the read circuit is tested and errors in the
remaining untested segments of the read circuit still
require the use of a test magnetic tape which is manu-
ally loaded by the operator. Therefore, there is pres-
ently no known arrangement to automatically and effi-
ciently perform a test on both the magneto resistive
. element and the associated read path electronics inde-
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pendent of operator intervention in magnetic tape data

storage subsystems.

SOLUTION

The above described problems are soclved and a tech-
nical advance achieved in the field by the method and
apparatus using synthesized analog data to test the read
circuit in a magnetic tape data storage subsystem. The
system of the present invention makes use of a data
- synthesizer to produce a synthesized analog data signal
representative of a special encoded binary waveform to
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perform a test on both the magneto resistive element as

well as-the associated read path electronics independent
of operator intervention. The special encoded binary
waveform is coupled to the magneto resistive element
to produce an approximation of the typical read back
signal that is read by the magneto resistive element from
a test magnetic tape. The data synthesizer thereby pro-
duces a signal waveform in the magneto resistive ele-

ment representative of a synthesized block of data in a

manner that replicates the actual reading of data from
an associated magnetic tape. The analog signal output
by the magneto resistive element is applied to the read
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back electronics, where it 1s converted in well known
fashion to a digital data signal indicative of the synthe-
sized block of data that is applied to the magneto resis-
tive element. The output of the read path electronics is
applied to a special pattern detector, a sync pattern
detector and a test pattern detector which function to
detect anomalies in the digital data that is output by the
read path electronics.

- The synthesized waveform consists of a data block
which contains a predetermined pattern of data fol-
lowed by a unique sync pattern and optionally a test
pattern of data. This synthesized waveform thereby
tests the ability of the read path electronics to synchro-
nize to an input analog read signal as well as to accu-
rately read data of a predetermined test pattern. Any
anomalies detected in the synthesized waveform, as
converted into digital data by the read path electronics,
is detected by the sync detector, special pattern detec-
tor and test pattern detector circuits. The nature, loca-
tion and frequency of these anomaliés are indicative of
failures in either the magneto resistive element or the
associated read path electronics. The automated testing
is performed independent of an operator loading a mag-
netic tape and any irregularities detected by the special
pattern detector, sync detector or test pattern detector
circuits can be used to alert repair personnel to replace
or repair the defective components in the data read
circuit of the magnetic tape data storage subsystem.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 illustrates in block diagram form the overall
architecture of the subject apparatus for testing the data
read circuit in a magnetic tape data storage subsystem,;

FIG. 2 illustrates additional circuit details of the data
synthesizer circuit; and |

FIG. 3 illustrates the format of a typical data block
which can be used as the synthesized analog data for

testing purposes.
DETAILED DESCRIPTION

FIG. 1 illustrates in block diagram form the overall
architecture of a typical data read circuit in a magnetic
tape data storage subsystem 100. The data read circuit
130 in the magnetic tape data storage subsystem 100
includes a magneto resistive tape head 101 of a type well
known in the art. The magneto resistive tape head 101 is
a eighteen track read head which is placed in juxtaposed
position to a tape path wherein a mechanical tape trans-
port mechanism (not shown in detail) transports the
magnetic tape 120 across the magneto resistive tape
head 101 in order to enable the magneto resistive tape
head 101 to detect data written on the magnetic tape
120. In response to the moving magnetic tape 120 and
the magnetization written thereon, magneto resistive
tape head 101 produces an analog signal which is ap-
plied to preamplifier 102 to shape and amplify the ana-
log signal produced by the magneto resistive tape head
101. This improved analog signal 1s output by preampli-
fier 102 to peak detector circuit 104 via filter circuit 103.
These circuits function to extract the data contained
within the analog signal output by the magneto resistive
tape head 101 and apply this extracted data to phase
lock loop and data separator circuit 10S. The phase lock.
loop and data separator circuit 105 functions to extract
a clock signal from the self clocked data read from the
magnetic tape 120. In addition, phase lock loop and data
separator circuit 105 produces a digital data signal in-
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dicative of the data that is stored on magnetic tape 120.
These above described elements are well known in the
magnetic tape data storage subsystem art and represent
a standard magneto resistive tape head and associated

read path electronics.

‘Analog Data Synthesizer

In order to automatically perforimn a test on the mag-
neto resistive tape head 101 and the entirety of the asso-
ciated read path electronics 102-105, an analog data
synthesizer 110 consisting of eighteen modulated cur-
rent sources 111 and data encoder circuit 112 are added
to the standard data read circuit 130 of the magnetic
tape data storage subsystem 100. The modulated cur-
rent sources 111 are directly connected to the magneto
resistive tape head 101 and functions to apply a current
signal to the magneto resistive tape head 101 under
control received from output signals of data encoder
circuit 112. The current signal output by eighteen mod-
ulated current sources 111 drives each track of magneto
resistive tape head 101. Data encoder circuit 112 pro-
duces a special encoded binary waveform which modu-
lates the output of the modulated current sources 111,
thereby producing a synthesized block of data. As a
result, data synthesizer 110 drives magneto tape head
101 in a manner that is analogous to the operation of
magnetic tape 120 and its associated tape transport
transporting the tape along the tape path across the
magneto resistive tape head 101 to read the magneti-
cally encoded data therefrom. Thus, the modulated
current sources 111 drive the eighteen tracks of mag-
neto resistive tape head 101 in a manner that is analo-
gous to the drive signal produced by the magnetic tape
120. '

Synthesized Block of Data

The content of the synthesized data signal applied to
the magneto resistive tape head 101 by modulated cur-
rent source 111 1s selected to exercise both magneto
resistive tape head 101 as well as the associated read
path electronics 102-108. In order to test the operation
of this circuit, the synthesized block of data includes a
predetermined pattern of data followed by a unique
synchronization pattern and optionally a test pattern of
data. This selected data tests the ability of the read
circuit 130 to properly detect data written on the associ-
ated magnetic tape 120 as well as the ability of the read
circuit 130 to synchronize to the data pattern contained
therein.

FIG. 3 illustrates the format of a typical data block 50

that 1s produced by the analog data synthesizer 110.
This data block consists of three segments: an initial
predetermined pattern of data; two synchronization
characters; and a data test pattern. The initial series of
pulses of predetermined pattern, in the preferred em-
bodiment, is forty sequential one bits, where a data 1
represents a state transition between high and low or
low to high states regardless of the direction of the
transition. This string of one bits causes the phase
locked loop and data separator 108 to lock on to the
incoming signal and synchronize thereto to produce the
- necessary clock signal at the appropriate frequency.
Following the initial predetermined data pattern, a sec-
ond segment is transmitted, consisting of at least one
synchronization character. In the preferred embodi-
ment illustrated in FIG. 3, two synchronization charac-
ters are transmitted, with each synchronization charac-
ter consisting of a nine bit data pattern consisting of a
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one bit in the zero, four and eight locations in the nine
bit synchronization character. This nine bit synchroni-
zation character is replicated twice before the final
segment of the synthesized signal is transmitted by data
synthesizer 110. This final segment represents a test
pattern of data of a content that can be selected to ap-
propriately test the operation of the data read circuit
130. FIG. 3 illustrates only a few sample bits of a typical
test pattern that can be produced, since the test pattern
selected is a function of the implementation of the data
read circuit 130 and the need to test the various ele-
ments contained therein. What is of significance is that
the data synthesizer 110 produces a test pattern which is
preprogrammed therein in the data encoder 112.

FIG. 2 illustrates additional details of data encoder
112 which produces the synthesized analog data signal
illustrated in FIG. 3. A clock signal obtained from
within the magnetic tape data storage subsystem 100 is
used to drive the circuit illustrated in FIG. 2. A syn-
chronous clock of 1.95 megahertz is typically available
in such a system and is used to drive 9 bit binary counter
201. The first 40 outputs (0-39) from 9 bit binary
counter 201 are connected to OR gate 210 which drives
OR gate 204. The output of OR gate 204 causes exclu-
sive OR gate 205 to operate as a simple invertor. Exclu-
sive OR gate 205 therefore inverts the Q output of flip
flop 206 and applies it to the D input of flip flop 206,
enabling flip flop 206 to divide by two the clock signal
received on input CLK. Therefore, flip flop 206 divides
by two the 1.95 megahertz clock signal received on lead
CLK and outputs forty clock pulses as the initial seg-
ment of the synthesized data signal to modulated cur-
rent source 111.

When the next eighteen clock pulses are received, 9
bit binary counter 201 places a high signal on output
leads 40 and 41 to activate OR gate 213, which enables
9 bit binary counter 202. The 0 to 9 bit binary counter
202 has its output leads 0, 4 and 8 connected to OR gate
203. Therefore, when the first, fifth and ninth clock
signals are received by 0 to 9 bit binary counter 202,

they activate OR gate 203 which drives OR gate 204 to

enable exclusive OR gate 205 to cause flip flop 206 to
change state in synchronization with the input clock
signal on lead CLK. The output of flip flop 206 is ap-
plied to modulated current source 111. Therefore, the O
to 9 bit binary counter 202 produces a one bit, followed
by three zeros, followed by a one bit followed by three
zeros and finally outputs a one bit. Nine bit binary
counter 202 completes two sequences following the fort
bit string of ones and 9 bit binary counter 201 then
enables test pattern generator 212.

As an example of an implementation of test pattern
generator 212, 0 to 9 bit binary counter 209 is coupled
with programmable gate array 208 to output a pattern
of one bits to OR gate 207 as selected by the pattern
select bits applied to gate array 208. This pattern of one
bits activates OR gate 204 which enables exclusive OR
gate 205 to cause flip flop 206 to change state in syn-
chronization with the input clock signal.

In this manner, the circuit of FIG. 2 or its equivalent
produces the predetermined pattern of data that repre-
sents the initial segment of the synthesizer analog data
signal as well the plurality of synchronization charac-
ters and, finally the test pattern of data all of which are
applied to the input of modulator current source 111 to
produce the analog current signal applied to magneto
resistive tape head 101. |
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The signals produced by modulated current source
111 are applied to magneto resistive tape head 101 in
any of a number of ways. Typically, magneto resistive
tape head 101 consists of eighteen tracks and there is

required a modulated current source for each one of 5

these tracks to drive magneto resistive tape head 101.
Therefore, the data encoder 112 produces an output
which is coupled through eighteen identical modulated
current source circuits to the various tracks on magneto
resistive tape head 101 to drive all eighteen tracks using
‘the same signal produced by the eighteen individual
modulator current sources 111. The exact details of this
driver circuit is a function of the specific design of mag-
neto resistive tape head 101 and is well within the capa-
bility of one skilled in the art.

Read Data Detection and Analysis

The block of data introduced into the magneto resis-

tive tape head 101 by the data encoder 112 and modu-
lated current source 111 is processed in standard fashion
by the read path electronics 102-105. The initial seg-

ment produced by data synthesizer 110 consists of a-

string of forty sequential one bits which is detected by
special pattern detector 113. The pattern of one bits is
also used by phase lock loop 105 to synchronize to the
incoming data stream. Special pattern detector 113 is a
programmable logic array of the type known as an
AMD22V10 device produced by Advanced Micro
Devices. This device is programmable and functions to
monitor the output of peak detector circuit 104 to note
the presence of a string of sequential one bits contained

therein. Table 1 indicates the programming required to

cause the special pattern detector 113 to detect the
presence of a string of ones characters output by peak
detector 104.

TABLE 1

Define Inputs:
clock

data

Define Outputs:

O QO goR

dtad

ones

Define Intermediate Equations:

RSTCNT =D*/C*/B*A;

Define Equations: |

DTAD :=DTA;

A :=/A*/DTAD®*/RSTCNT;

B :=A*/B*/DTAD*/RSTCNT
+/A*B*/DTAD*/RSTCNT;
:=A*B*/C*DTAD*/RSTCNT
+C*/B*/DTAD*/RSTCNT
+C*/A*/DTAD*/RSTCNT:
:=A*B*C*/D*/DTAD*/RSTCNT
+D*/C*/DTAD*/RSTCNT
+D*/B*/DTAD*/RSTCNT
+D*/A*/DTAD*/RSTCNT;
;== /D*/C*B*A*DTAD
+/D*C*/B*/A*DTAD
+/D*C*/B*/A*DTAD
+/D*C*B*/A*DTAD
+/D*C*B*A*DTAD
+ONES*/DTAD*/RSTCNT
+ONES*DTAD*/D*/C*/B*/A
+ONES*DTAD®*/D*/C*/B*A;

C

D

ONES

In operation, special pattern detector 113 measures the
spacing of the ones pulses based on the input 1.95 mega-
hertz clock. The programming of special pattern detec-
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tor 113 creates a window of from 300 nanoseconds to
700 nanoseconds in which time period a one pulse must
appear in order to be considered a valid pulse. The
pulses produced by data synthesizer 110 have a nom:nal
spacing of 514 nanoseconds and should fall in the center
of the window defined by special pattern detector 113.
When special pattern detector 113 detects the presence
of a valid pulse within the defined window, it incre-
ments an internal counter to indicate the presence of
successive valid pulses received from peak detector 104.

In similar fashion, the synchronization detector 114
detects the presence of the synchronization characters
transmitted subsequent to the initial segment of forty
successive one bits, The same type of programmable
logic array device is used to implement synchronization
detector 114. Table 2 illustrates the programming of
synchronization detector 114 to detect the presence of -
the one bits in positions 0, 4 and 8 in the nine bit syn-
chronization character.

TABLE 2
SYNC CHAR: = A*/QB*/QC*/QD* QE*/QF*/QG*/QH*QI
WHERE QB: = A
QC:=QB
QD : = QC
QE : = QD
QF : = QE
QG: = QF
QH: = QG
Ql: = QH

The presence of three one bits in this nine bit synchroni-
zation character cause synchronization detector 114 to
acknowledge the receipt of a valid synchronization

- character. Similarly, test pattern detector 115 can be
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programmed to monitor the output of phase lock loop
and data separator circuit 105 to detect the presence of
the unique character pattern produced by data synthe-
sizer 110 and, in particular, test pattern generator 212
contained therein. In this manner, the three unique seg--

‘ments produced by data synthesizer 110 are transmitted

throughout the entirety of the data read circuit 130 and
each of the segments is detected by an associated moni-
toring circuit: special pattern detector 113, synchroniza-
tion detector 114, and test pattern detector 115. This
test circuit can automatically test the operation of data
read circuit 130 independent of an operator loading a
magnetic tape thereon and functions to test the entirety
of the data read circuit 130.

While a specific embodiment of this invention has
been disclosed, it is expected that those skilled in the art
can and will design alternate embodiments of this inven-
tion that fall within the scope of the appended claims.

We claim:

1. In a data storage system which reads data from a
magnetic tape mounted therein using a magneto-resis-
tive element which outputs an analog signal to associ-
ated read electronics which converts said analog signal
to a digital data signal representative of said data read
from said magnetic tape, a data read/write integrity
verification circuit for determining the operational in-
tegrity of said magneto-resistive element and associated
read electronics independent of the presence of said
magnetic tape comprising:

means connected to said magneto-resistive element

for applying a synthesized analog signal to said
magneto-resistive element to represent data of a
predetermined pattern, including:



5,095,310

7

data encoder means for producing a signal repre-
sentative of said predetermined pattern, includ-

ing means for producing a series of pulses of

predetermined pattern and means for appending
at least one synchronization character to said
series of pulises, |

current source means connected to said magneto-
resistive element and responsive to said signal
produced by said data encoder means for apply-

5

ing said synthesized analog signal, in the form of 10

a current modulated by said signal produced by
said data encoder means, to said magneto-resis-
tive element; and
means connected to said read electronics for detect-
ing the presence of said predetermined pattern in

said digital data signal output by said associated

read electronics.
2. The apparatus of claim 1 wherein said detecting

means includes:

15

means for identifying the presence of said series of 20

pulses of predetenmncd pattern in said read elec-
tronics.

3. The apparatus of claim 2 wherein said detecting
means further includes:

means for identifying the presence of said synchroni-

zation character in said digital data signal output by
said read electronics.

4. The apparatus of claim 3 further including:

‘means responsive to at least one of said synchroniza-

tion character identifying means and said predeter-
mined pattern identifying means failing to identify
the presence of said synchronization character and
said series of pulses of predetermined pattern, re-

' smctively, for producing a signal indicative of a
failure 1n said data read circuit.

5. The apparatus of claim 1 wherein said data encoder
means further includes:

means for appending a test pattern of data to said at

least one synchronization character.

6. The apparatus of claim § wherein said detecting
means includes:

means for determining the presence of said test pat-

tern of data in said digital data signal output by said
read electronics.

7. In a data storage system which reads data from a
magnetic tape mounted therein using a magneto-resis-
tive element which outputs an analog signal to associ-
ated read electronics which converts said analog signal
to a digital data signal representative of said data read
from said magnetic tape, a data read/write integrity
verification circuit for determining the operational in-
tegrity of said magneto-resistive element and associated
read electronics independent of the presence of said
magnetic tape comprising:.

means connected to said magneto-resistive element

for applying a synthesized analog signal to said

magneto-resistive element to represent data of a

predetermined pattern, compnsmg

means for producing a series of pulses of predeter-
mined pattern;

means for appending at least one synchronization
character to said series of pulses,

current source means connected to said magneto-
resistive element for applying a current, modu-
lated by said series of pulses of predetermined
pattern and at least one synchronization charac-
ter appended to said series of pulses, to said mag-
neto-resistive element:;
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means connected to said read electronics for detect-
ing the presence of said predetermined pattern in
said digital data signal output by said associated
read electronics, comprising: |
means for identifying the presence of said synchro-
nization character in said digital data signal out-
put by said read electronics,
means for determining the presence of said series of
pulses of predetermined pattern in said read elec-
tronics.

8. In a data storage system which reads data from a
magnetic tape mounted therein using a magneto-resis-
tive element which outputs an analog signal to associ-
ated read electronics which converts said analog signal
to a digital data signal representative of said data read
from said magnetic tape, a data read/write integrity
verification circuit for determining the operational 1n-
tegrity of said magneto-resistive element and associated
read electronics mdq)endent of the presence of said
magnetic tape comprising:

means connected to said magneto-resistive element

for applying at least one synchronization character
to said magneto-resistive element;

means connected to said read electronics for detect-

ing the presence of said at least one synchroniza-
tion character in said digital data signal output by
said associated read electronics.

9. The apparatus of claim 8 wherein said applying
means prepends a predetermined pattern of pulses to
said at least one synchronization character.

10. The apparatus of claim 9 wherem said detectmg
means includes:

means for identifying the presence of said series of

pulses of predetermmed pattern in said read elec-
- tronics.

11. The apparatus of claim 8 wherein sald applying
means appends a test pattern of data to said at least one
synchronization character.

12. The apparatus of claim 11 wherein said detecting
means includes:

means for determining the presence of said test pat-.

tern of data in said digital data signal output by said
read electronics.

13. The apparatus of claim 8 wherein said applying
means prepends a predetermined pattern of pulses to
said at least one synchronization character and appends
a test pattern of data to said at least one synchronization
character, said detecting means includes:

means for identifying the presence of said series of

pulses of predetermined pattern in said read elec-
tronics;

means for determining the presence of said test pat-

tern of data in said digital data signal output by said
read electronics.

14. The apparatus of claim 13 further including:

means responsive to at least one of said synchroniza-

tion character identifying means and said predeter-
mined pattern identifying means failing to identify
the presence of said synchronization character and
said series of pulses of predetermined pattern, re-
spectively, for producing a signal indicative of a
failure in said data read circuit.

15. In a data storage system which reads data from a
magnetic tape mounted therein using a magneto-resis-
tive element which outputs an analog signal to associ-
ated read electronics which converts said analog signal
to a digital data signal representative of said data read
from said magnetic tape, a data read/write integrity
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verification circuit for determining the operational in- tion character in said digital data signal output by
said associated read electronics.

' ) neto-resistive element and associat ) C .
tegrity of Sald_ ma? cro-resistive € ?d 16. The apparatus of claim 15 wherein said detecting
read electronics independent of the presence of said means includes:

9

magnetic tape comprising: 5 means for identifying the presence of said series of
means for generating at least one synchronization f“ls?s of predetermined pattern in said read elec-
- ronics.
character and a prepended predetermined pattern 17. The apparatus of claim 15 wherein said applying
of pulses; means appends a test pattern of data to said at least one
means connected to said magneto-rcsistive element 10 synchronization character. |
and said generating means for applying said gener- 18. The apparatus of claim 17 wherein said detecting

ated pattern of pulses and synchronization charac- ~ Me€ans includes: .
| means for determining the presence of said test pat-

ter to said magneto-resistive clemcnt.; tern of data in said digital data signal output by said
means connected to said read electronics for detect- 15 read electronics.

ing the presence of said at least one synchroniza- * % % % =
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